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High-Isolated Dual-Polarized Leaky Wave
Antenna With Fixed Beam for Full-Duplex
Millimeter-Wave Applications

Qi-Cheng Ye, Student Member, IEEE, Yi-Ming Zhang, Member, IEEE, Jia-Lin Li, Gert Frglund
Pedersen, Senior Member, IEEE, and Shuai Zhang, Senior Member, IEEE

Abstract—In this paper, a high-isolated dual-polarized
leaky-wave antenna (LWA) with a fixed beam is proposed for
full-duplex millimeter-wave applications. The proposed antenna
consists of a dual-polarized LWA array and an orthogonally
differential feeding network. The proposed dual-polarized LWA
array is developed based on the proposed LWA unit cell, which is
suitable for differential feed, and the open-stop band is
eliminated. The proposed feeding network provides two pairs of
orthogonally differential excitation for the LWA array to realize
the fixed beam with orthogonal polarization in boresight
direction; the high inter-port isolation is implemented as well. The
prototype for demonstration purposes is fabricated and
measured. The measured results show that the proposed antenna
exhibits an operating band from 27.6 GHz to 29.5 GHz with a
maximum gain of up to 24 dBi. Furthermore, the measured
inter-port isolation is higher than 51 dB within the operating
band, where the maximum isolation is up to 60 dB. The measured
cross-polarization levels are also very low, less than —27 dB. The
proposed antenna features high gain, high inter-port isolation,
and good co/cross-polarization isolation, achieving a good Tx/Rx
separation for the in-band full-duplex applications at
millimeter-wave frequencies.

Index Terms—High isolation, high gain, leaky-wave antenna,
dual-polarization, full-duplex, millimeter-wave.

1. INTRODUCTION

ECENTLY, the in-band full-duplex (IBFD) applications
show considerable potential in improving spectral
efficiency [1]. The IBFD applications can use the same
frequencies to simultaneously transmit and receive (STAR)
signals. Thus, the cancellation of the self-interference between
the local transmitter (Tx) and receiver (Rx) is essential. In
general, a total isolation level of over 110 dB between Tx and
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Rx is required for the IFBD system [2], which can be
synthetically achieved in antenna, analog, and digital layers. As
for the antenna layer, the isolation should be as high as possible
[3], [4]. For instance, an isolation level higher than 50 dB can
effectively decrease the burden of analog and digital layers
(only a 30 dB isolation level is required for each analog and
digital layer). Moreover, millimeter-wave (mm-wave)
frequencies have large spectrum resources for high data rate
communications. Due to the high path loss in mm-wave bands,
antennas/arrays are required to have high gain to compensate
for the loss [5]. Therefore, mm-wave antenna designs with high
isolation in Tx/Rx and high gain attract considerable interest.

The separation of Tx and the local Rx antennas is a simple
scheme to improve the inter-port isolation, the straightforward
methods such as antenna diversity [6], [7], polarization
diversity [7], decoupling structure [8], all at the cost of bulky
systems. Therefore, the shared-aperture antenna system for Tx
and Rx might be more attractive for miniaturization purposes.
In general, two main aspects are used for the shared-aperture
scheme, i.e., beamforming network (BFN) and
orthogonal-polarization based approaches. The former aims at
the design of a multiport network to excite the antenna system
for achieving a high isolation performance [9]-[15]. For
example, in [9]-[12], many co-circularly polarized antennas are
presented. By using BFNs to feed the antenna system with an
orderly phase and magnitude distribution, the Tx/Rx antenna
can operate in the same polarization, and high isolation is
implemented. Besides, several omnidirectional antennas for
STAR with vertically or horizontally polarized radiation are
proposed [13]-[15], the BFNs are also used. Note that the
employed multiport BNFs in these designs are mainly studied
and realized at low frequencies (e.g., Sub-6 GHz bands). To
keep a high self-interference suppression level, extremely small
magnitude and phase imbalances between the output ports are
generally essential [9], leading to complicated design
procedures and bulky systems. This might not be effective for
mm-wave applications, since physical sizes are limited and the
small phase imbalance is very challenging to control for
multiport networks at high frequencies.

For the orthogonal-polarization based approaches, the
different polarizations are respectively used for Tx and Rx
antennas, since the natural isolation exists between the
orthogonal linear polarization [16]. Furthermore, the
differential feed technique can be adopted to further enhance
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isolation [17]-[24]. In [17], by using two 3-dB 180°-couplers to
feed a patch antenna orthogonally, a Tx/Rx isolation of 90 dB
in 20 MHz bandwidth at around 2.4 GHz was obtained.
Nevertheless, the required external couplers leading to a bulky
volume, and some relevant designs show in [19]-[21] are also
incompact. In [19], a traveling-wave patch array operating at
15 GHz was fed by orthogonally differential excitations from
two external baluns. However, the scheme is not suitable for
mm-wave systems due to the high insertion loss and parasitic
effect resulting from dozens of matched resistors on the array
center. The dual-polarized antennas mentioned above mainly
focus on low-frequency systems. Several dual-polarized
mm-wave antennas with high isolation were reported [25], [26].
Benefiting from the natural isolation of orthogonal polarization,
the isolation in [25] is higher than 35 dB. As for the one given
in [26], the achieved isolation is up to 50 dB. However, the
design with multi-layered feeding network in [26] is quite
complicated. A small number of dual-polarized mm-wave
antenna based on differential feed are also reported. For
instance, in [27], the antenna is driven by two pairs of
microstrip differential feed, the realized isolation is great than
35 dB within the entire operating bands. In general, most of the
recently reported mm-wave antennas have the inter-port
isolation below 50 dB [28]-[30], the dual-polarized mm-wave
antenna design with high isolation and high gain is still a key
challenge.

On the other hand, the leaky-wave antenna (LWA) gains
significant interest in beam scanning applications due to the
inherent capability of beam scanning without any additional
feeding network [31], [32]. Recently, to realize a narrow beam
on both E-plane and H-plane, several transversal long slot (or
metal strip) LWA designs with finite periods were reported
[33]-[37]. In [34]-[36], a scheme for fixed beam applications is
proposed. Different from the conventional LWA, a pair of
differential signals is used to excite two sides of the LWA to
realize the fixed beam. However, the design suffers the
open-stop band (OSB) in the boresight direction, which means
the signals would be almost reflected, and radiation power
would sharply reduce [31]. Therefore, the synthetic beam is
only formed within a narrower bandwidth outside the
stopbands.

To develop the potential of the mm-wave in full-duplex
communication, a high isolated dual-polarized LWA with a
fixed beam is presented in this paper. An improved LWA unit
cell is proposed to eliminate the OSB under differential feed.
More detailed, the operation mechanism of the presented
one-dimensional (1-D) LWA array under differential feed is
also analyzed, and a two-dimensional (2-D) planar
dual-polarized LWA array is further developed. Based on the
orthomode differential coupler (ODC) and the pillbox
transitions, a quasi-TEM planar wave differential feeding
network is presented and elegantly integrated with the
dual-polarized LWA array. Finally, a prototype is fabricated
and measured to verify the performance. Compared to the
recently published works, the contributions and advantages of
this design can be listed as follows:

a) An improved LWA unit cell with long transverse slots is
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Fig. 1. Configuration of the proposed dual-polarized LWA antenna.

proposed for differential feed where the OSB is addressed.

b) A 2-D dual-polarized LWA array with differential feed is
further constructed, featuring high gain in boresight direction
(without the OSB) and high polarization purity in radiation
patterns.

¢) The proposed orthogonal differential feeding network is
quite simple with low insertion loss. Owing to the symmetry of
the structure, very low magnitude and phase imbalances are
achieved, resulting in a high self-interference suppression level.

II. ANTENNA DESIGN AND ANALYSIS

The configuration of the proposed dual-polarized antenna
operating at 28 GHz is shown in Fig. 1, it consists of four layers
Rogers RO3003 with a dielectric constant of 3.0, and the
thickness of each layer is 0.762 mm. All layers are fixed
together with screws located at the edge of the antenna aperture.
The orthogonal LWA slot array is etched at the top surface of
layer 1. For each polarization, there are ten periods of unit cells.
Layer 2, 3, and 4 construct the feeding network for the
dual-polarized LWA array. By integrating the ODC and four
pillbox transition systems, two pairs of orthogonal differential
quasi-TEM planar waves for the LWA array can be generated.
Two standard WR-28 rectangular waveguides are used for the
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Fig. 2. (a) Different kinds of the unit cell. Cells A and B have the same
dimensions as Cell C except for the period of Cell A is 6.9 mm. (b) Specific
design of the proposed symmetrical unit cell (Cell C). (c) Simulation model of
the single unit cell with periodic boundary condition. The wave ports excite the
dominant mode, and PML surrounds the unit cell in the directions
perpendicular to the excitation.

TABLE I
DIMENSIONS OF PROPOSED UNIT CELL (UNITS: mm)

Par. Wa p d Ws1 Ws2 h La
Val. 76.8 7.68 2.28 0.45 0.13  0.762 76.8

excitation of two orthogonal polarized radiation, respectively.

When the ports are excited, the ODC composed in Layer 2, 3,
and 4, transforms the input electromagnetic (EM) waves into
two pairs of differential signals in x- and y-directions (see blue
and red dashed lines). Then, these signals are transmitted to the
dual-layers (Layer 1, 2) pillbox transition systems, where the
TEio mode wave is further converted to a quasi-TEM planar
wave to excite the LWA array. The full-wave simulations were
performed by the commercial software CST 2019.

A. Selection of LWA Unit Cell for Differential Feed

In this design, the differential feed means each unit cell of
the LWA array will receive the excitation signals from both
sides with 180° phase differences. Significantly, only the
useable conventional feed can realize the differential feed. To
achieve the broadside and symmetrical radiation patterns, the
same excited responses of two differential ports for unit cells
are required. Fig. 2(a) shows three kinds of LWA unit cells with
long transversal slots. Cell A is the conventional design with a
single slot, while Cell B has two asymmetrical slots with
different widths [31], [37]. The proposed symmetrical Cell C
with three slots is shown in Fig. 2(b), in which a wider slot is
situated on the center, and two same narrower slots are
symmetrically set on both sides. The optimized dimensions are

given in Table I. The simulation model is illustrated in Fig. 2(c).
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Fig. 3. S parameter response of the different unit cells based on full-wave
simulation.
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Fig. 4. Normalized phase and attenuation constants of the different unit cells
based on full-wave simulation.

0.9+ —— With differential feed
0.8 —— With conventional feed

Total Efficiency

25 26 27 28 29 30 31
Frequency (GHz)

Fig. 5. Simulated total efficiency of the single proposed unit cell with
conventional and differential feed.

Fig. 3 depicts the reflection coefficients of two ports for each
unit cell. When one port is excited, the other one is terminated
with a matched load, i.e., conventional feed mode. As seen, the
identical responses can be obtained from both sides for the
symmetrical structure, namely Cells A and C but not Cell B.
This result indicates that Cell B cannot apply to the differential
feed as the different response means asymmetrical radiation
characteristic.

On the other hand, Fig. 4 illustrates the normalized phase
constant § and attenuation constant o of three kinds of unit cells
based on full-wave simulation. It is observed that a good
balance between left-hand (LH) and right-hand (RH) region is
found in Cell C, which means the OSB is almost eliminated.
The OSB is also mitigated a lot in Cell B, which benefits from
the asymmetrical double slots. However, the normalized phase
constant f of Cell A is much closer to zero within wide bands
due to the suffered OSB [31]. The phase constant does not
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Fig. 8. Main beam directions versus frequencies and directivity in boresight
direction with differential feed.
exactly equal zero as this structure contains the open slot.
Moreover, the normalized attenuation constant of Cell C has
a relatively smooth and stable curve instead of Cells A and B.
This is significant for differential feed since the suitable
attenuation constant can lead to a favorable amplitude
distribution in LWA array, the detailed analysis is presented in
Section II-B. The phase constants and attenuation constants are
extracted by using the following expressions [38]:

et o LSz 9 | (1)
p 25

a:l-Re cosh™ (—1_S11S22+S12S21J 2
p 287

where the S parameters are obtained by simulating a single unit

cell as a two-port network. Note that the full-wave simulation
results for unit cells in this paper, the periodic boundary
condition (B. C.) was applied to accurately contain the coupling
effect between the adjacent unit cells.

Comparing with Cells A and B, it can be concluded that only
the proposed Cell C can be used for the differential feed due to
the efficient mitigation of the OSB and the symmetrical
radiation response. The same conclusion can also be obtained
from Bloch impedance analysis.

The total radiation efficiency of the proposed Cell C is
studied. Fig. 5 shows the full-wave simulation results with
conventional and differential feed. It is observed that the
radiation efficiency with differential feed is higher than the
conventional within the whole band. This result indicates that
the standing-wave formed by differential feed efficiently
facilitates the slot radiation.

B. Analysis of LWA Array

Based on the proposed unit cell, a one-dimensional (1-D)
periodic linearly polarized LWA array with 10 periods is
proposed, as shown in Fig. 6. The conventional feed for the
proposed LWA array is firstly considered. Namely, port 1 is
excited with the quasi-TEM planar wave, while port 2 is
connected to a matched load. According to the study of LWA
theory [39], the angle of maximum directivity 8,,(f) (main beam
direction) and the 3-dB beamwidth A(f) versus frequency can
be approximated by (3) and (4), respectively.

On(f) ~sin™ (%) 3)
1
AB) = (La | 20)c08[6n (f)] @

where the ko is the free-space wavenumber, L, is the length of
the LWA antenna, and /4o is the free-space wavelength.
According to (3), the theoretical angle of the main beam
direction is curved in Fig. 7 based on the normalized phase
constant S(f)/ko. The main beam scan from backward to forward
direction is observed, in which the frequency at boresight
direction (0°) is called balanced point f;. Moreover, the main
beam directions versus frequencies obtained by full-wave
simulation are also depicted, and it is generally consistent with
the theoretical result.

To realize the broadside radiation, port 1 and port 2 are
excited with a pair of differential signals. Subsequently, two
co-polarized scanning beams are generated, which are
respectively pointed to the forward and backward direction. It
can be expected that when two symmetrical beams are
approaching the boresight direction, they superposition
together to form a single beam and pointed to the boresight
direction. This capability works in the bands of f; to f; (f; < f» <

fn), as the two beams are always scanning near the boresight

direction. As shown in Fig. 8, the main beam directions and the
directivity in the boresight direction versus the frequency are
depicted (the frequency step is 0.1 GHz). As seen, the main
beam is maintained in boresight direction with directivity
values of higher than 21.7 dBi from 26.9 GHz to 29.2 GHz.
When the frequency departs away from the operation band, the
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Fig. 9. Simulated performance of 1-D LWA array excited by the conventional
and the differential feed. (a) S-parameters. (b) Total efficiencies.

directivity is sharply decreased, and the main beam no longer
appears in the boresight direction. These results indicate that
the synthetic beam is only formed within a limited scan range,
corresponding to the [—6.0°, 5.0°] in Fig. 7. The variation of
phase constant as the frequency is the dominant factor to affect
the synthetic beam. A more stable variation can keep the
scanning beam close to the boresight direction in a wider
frequency band; thereby, a wider bandwidth of usable synthetic
beam is obtained. The beamwidth is the other factor that affects
the synthetic beam. From (4), a longer length of the LWA leads
to a narrower main beam. At this point, the symmetrical beams
should further be close to the boresight direction to gain the
usable synthetic beam, which results in the usable bandwidth
would be further reduced.

Fig. 9(a) shows the S parameters of the 1-D LWA, which are
excited by the conventional and differential feeds. Seeing that
the used unit cell does not achieve the optimum balance
condition, the reflection coefficient is higher than —10 dB with
the conventional feed. After employing the differential feed,
the result shows the LWA array is matched well within the band
of 27.45 - 29.23 GHz. Besides, as shown in Fig. 9(b), the total
efficiency with differential feed is higher than 83% in the whole
impedance bandwidth (27.45 GHz - 29.23 GHz), the maximum
is up to 94%. As for the conventional feed, it is lower than 60%
from 28.1 GHz to 28.2 GHz. It can be concluded that the total
efficiency with differential feed in the impedance bandwidth is
higher than that with conventional feed if the number of the
periods is the same.

When two antiphase traveling-waves propagate in opposite
directions in the LWA, the standing-waves are formed when
they meet. Since the EM wave is continuously radiated when
moving forward, the amplitude from the excitation end to the
other end will gradually decrease. This leads to the strongest
standing-wave amplitude in the central area of the LWA and
weaker amplitude to the sides. In contrast, the strongest
traveling-waves are located on the two excitation sides. The
voltage at the mid-point of the LWA will always be zero, and
this point is one of the wave nodes of the standing-waves. Due
to the formed standing-waves greatly facilitating the radiation
of the open slots (see Fig.5), so that the total radiation
efficiency of the LWA array is greatly enhanced, and a lower
reflection is also realized.

Moreover, to increase the total efficiency of the LWA array,
the favorable distribution of the standing-waves and
traveling-waves is very significant. This distribution can be
controlled by the attenuation constant (or radiation efficiency)
of the single unit cell and the number of the periods. Therefore,
the number of periods in this design is preferably set as 10 to
obtain high total efficiency and low reflection coefficient. Note
that the unit cell may not achieve perfect balance conditions
due to parameter optimization, but it is acceptable for the
differential feed, as shown in Fig. 9(a). Although the
standing-waves appear inside the LWA array, the classical
design rules of the LWA are not changed, which is because a
standing-wave can be decomposed to a pair of antiphase
traveling-waves.

By integrating two identical 1-D periodic LWA arrays with
the orthogonal arrangement, the planar dual-polarized LWA
array with grid slots is proposed, as shown in Fig. 1. Each
polarization is with a pair of differential ports. In this way, the
dual-polarized broadside radiation can be realized. The feeding
network is presented in Section III.

III. DESIGN OF FEEDING NETWORK

In this design, the feeding network for the radiation Layer 1
(see Fig. 1) is integrated into Layers 2, 3, and 4, by employing
an ODC and four pillbox transition systems. Two pairs of
differential feed with quasi-TEM planar wave for Layer 1 are
realized.

A. Orthomode Differential coupler (ODC)

Fig. 10 illustrate the configuration of ODC with a three-layer
stack, and the dimensions are listed in Table II. An ODC based
on a two-layered structure is also reported in [40]. However, the
isolation between the input ports is around 18 dB. In contrast,
the presented ODC in this work is a crucial component, which
provides a high inter-port isolation for the proposed
dual-polarized LWA array. As shown in Fig. 10, Layer 2 is the
orthomode transducer (OMT) with a crossed coupling slot
etched on the bottom. Layer 3 and Layer 4 are the feeding
layers, which correspond to each orthomode, respectively.
When the ODC is excited by port 2, the signals are coupled to
the OMT through the transverse coupling slot, and then the
signals are equally divided to port 2a and 2b with a 180° phase
difference. Here, as the transverse channel is exactly
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imbalance and phase imbalance.

TABLE II
DIMENSIONS OF PROPOSED ODC (UNITS: mm)

Par. w1 w2 w3 Wa ws We Vo
Val. 5.4 4.74 4.96 5.73 5.08 4.72 1
Par. Vi 1 I Is3 Wsl di Wol
Val. 1.06 5.12 4.8 4.28 0.25 0.6 8.45
Par. Wo2 wn Lt I La Lo

Val. 6 5.7 3.86 3.61 4.08 4.1

orthogonal with the longitudinal one, only a tiny amount of
power of EM waves is parasitically leaked into the differential
ports la and 1b. Different from port 2, the signals excited by
port 1 are first coupled to Layer 3 and then Layer 2. Similarly,
the signals from port 1 are equally divided to ports la and 1b
with antiphase, while only tiny leakage signals exist in the
longitudinal channel of the OMT. Since the signals excited by
port 1 and port 2 are completely orthogonal, high isolation is
implemented between the input ports, and two pairs of
independent differential signals are generated in the transverse
and longitudinal channels, respectively.

Fig. 11(a) shows the simulated S parameters of the ODC, it is
seen the bandwidth of reflection coefficient below —20 dB is
from 26.4 GHz to 29.5 GHz, where the coupling between the
input ports is less than —71 dB. The signals leak to the isolated

Vias in layer | Bl Vias in layer 2 Il Coupling slot PML

Fig. 12. Configuration of the pillbox transition system.
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Fig. 13. Simulated reflection coefficient of the pillbox transition system.
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Fig. 14. Configurations of the employed two input transitions.
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Fig. 15. Simulated performance of the waveguide to SIW transition.

TABLE IIT
DIMENSIONS OF PILLBOX TRANSITION AND INPUT TRANSITIONS (UNITS: mm)

Par. D F w1 ws V2 ler Wel
Val. 75.1 43 3.58 4.36 0.95 5.78 2.69
Par. I Wp1 Wo3 In Wod In g1

Val. 3.73 1.8 7.28 4.12 8.11 4.56 0.21

output ports are lower than —60 dB for both two input ports.
The amplitude and phase imbalance of output differential
signals are given in Fig. 11(b), the amplitude imbalance is less
than +0.025 dB in both transverse and longitudinal channels,
and the phase imbalance is also less than +0.03°.
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B. Pillbox Transition System

When the signals enter four pillbox transition systems from
ODC, the TE;, wave is converted into the quasi-TEM planar
wave to feed the LWA array. Fig. 12 shows the configuration of
the single pillbox transition system, which is constructed in
Layer 1 and Layer 2, and the parameters are listed in Table III.
In this structure, the parabolic reflector is built by the metallic
vias array with small spacing. It is connected with the
open-ended SIW by a similar metallic vias array. The closed
boundary can reduce the leakage of the EM wave. Parabolic
slots are etched on both the bottom of Layer 1 and the top of
Layer 2 to coupling the signals, and they have a width of
0.42 mm. The slots are only 0.1 mm away from the parabolic
reflector. According to the width of the LWA array, the
aperture D of the parabolic reflector is set as 75.1 mm. Due to
the ratio of F/D that could affect the magnitude distribution of
the generated quasi-TEM planar wave, the sidelobe level in the
H-plane of the LWA would be further affected. Therefore, the F
is preferably set as 43 mm in the final design to realize a low
sidelobe level and a compact size. As seen in Fig. 13, the
simulated reflection coefficient of the exciting port is below
—21 dB within the whole frequency band. To obtain the optimal
parameters, the PML is placed on the output port to absorb the
generated quasi-TEM planar waves and the possible noise
waves during the optimization simulation.

C. Input Transition

In this design, the WR-28 rectangular waveguides are used,
and the transitions of the standard rectangular waveguide to the
SIW are consequently indispensable. Fig. 14 shows two
employed transitions, which are used for two orthogonal
polarizations, respectively. Notably, different from the type for
y-polarization provided in [41], a 0.762 mm-thick air-filled
waveguide is added between the SIW end and feeding

waveguide in type for x-polarization. The rectangular metallic
vias array constructs the inserted waveguide, and the substrate
inside the waveguide is removed to match the standard
rectangular waveguide. The detailed dimensions are given in
Table I1II. Fig. 15 shows that the achieved reflection coefficients
of two transitions are lower than —21 dB in the band from
26.5 GHz to 30 GHz with the insert loss of less than 0.23 dB.

IV. EXPERIMENTS AND COMPARISON

To verify the proposed dual-polarized LWA array, a
prototype is simulated, fabricated, and measured. Fig. 16
presents the assembled prototype. A brass base and a square
plastic ring are used as fixtures, with a thickness of 7 mm and
2 mm, respectively. The WR-28 standard waveguide flange is
fabricated in the metal base. Two metal dowels on the base are
used to align each layer substrate. Besides, 24 vertical screws
are used to fix all layers together as well as the metal base. In
this way, the air gap can be eliminated efficiently. The
substrates are fabricated by the standard single-layer PCB
processing technique. The CNC technique fabricates the
fixtures of the metal base and the plastic ring. The dielectric
constant and the loss tangent of the plastic material is 2.27 and
0.0003 at 28 GHz, respectively. It is found that the plastic ring
does not affect the antenna performance via a controlled
experiment. Two coaxial-to-waveguide adaptors (FLANN
22094-KF20) are mounted on the bottom of the base so that the
antenna can be connected to the measuring device.

A. Experiment Results

In the measurements, the S parameters were measured by the
Keysight PNA network analyzer N5227B, the radiation
patterns and gains were measured in the anechoic chamber as
presented in Fig. 16. Fig. 17(a) shows the simulated and
measured reflection coefficients. For the reflection coefficient
below —10 dB, the simulated overlapped bandwidth ranges
from 27.4 GHz to 29.4 GHz for port 1 and port 2, while the
measured overlapped bandwidth is from 27.6 GHz to 29.5 GHz.
It is observed that the reflection coefficients for both ports are
slightly worse than —10 dB around 27.5 GHz and 29 GHz. The
isolation between the input ports is shown in Fig. 17(b), where
the measured isolation is larger than 51 dB in bands of
27.6 GHz to 29.5 GHz. The maximum isolation is up to 60 dB
at 28.6 GHz. For the simulated result, the isolation is higher
than 76 dB within the studied band. The visible discrepancy
between the measured and simulated results is mainly due to
the fabrication and manually assembling imperfection. Despite
that, high isolation is still realized in this design.

The gain performances of the proposed antenna in the
boresight direction are given in Fig. 17(c), the simulated gains
of two ports are almost the same, and the maximum gain is
around 25.5 dBi at 28 GHz. For the measured gains, they are
more than 20.5 dBi for port 1 and more than 21.1 dBi for port 2,
within bands of 27.6 GHz to 29.5 GHz. The maximum gain is
23.7 dBi at 28.6 GHz for port 1 and 24 dBi at 28.3 GHz for
port 2. Note that the insertion loss (0.2dB) from
coaxial-to-waveguide adaptors has been calibrated. It can be
seen that the measured gains are slightly lower than the



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 8

3 -10.dB Y
-10- A ¥
— !
m
T 15 i
) LN
‘g M
Z 204 Mea, SI11 !
& - Mea, S22 |
= 257 i - Sim, SIT §
i —-=--Sim, S22}
-30+ d i
i t
il :
35 ; ; = ‘ : ; :
265 270 275 280 285 29.0 295 300 30.5
Frequency (GHz)
(a)
110
100
90
SO’V\MA—\/\/\/’J\/\ﬁ
~ 70
m
= 60
£ 50
5 40 51dB
Z
307 Measurement
20 Simulation
10

0 T T T T T
265 270 275 280 285 290 295 30.0
Frequency (GHz)

(b)

141 Mea, port 1 \
Mea, port 2 \
""" Sim, port 1 kY

Realized Gain (dBi)

270 275 280 285 290 295 300
Frequency (GHz)

()
Fig. 17. Simulated and measured performances of the proposed antenna.
(a) Reflection coefficients. (b) Isolation between input ports. (c) Gain
performances.

simulated ones, and they are offset to the higher frequency by
about 0.4 GHz compared to the simulations. During the
manufacturing, the parameter variation of the LWA unit cell
may lead to the shift of the phase constant resulting in the shift
of gains.

Fig. 18 illustrates the far-field radiation patterns at 28 GHz,
28.5 GHz, and 29 GHz with port1 excited. Due to the
limitation of the facility, only the radiation patterns within —90°
to 90° were measured. The measured patterns are in good
agreement with the simulated, where the co-polarized radiation
patterns are very symmetrical and directive. Besides, the
simulated sidelobe level in the E-plane is below —13 dB, while
the measured is lower than —11dB. As for the H-plane
radiation patterns, the sidelobe level is less than —18 dB in both
simulations and measurements, which is contributed by the
tapered amplitude distribution from the pillbox transition

systems. As for the cross-polarization level, the simulated
results are less than —60 dB, which is not visible in the figures.
The measured results are below —27 dB in both two main
planes, which is higher than simulated results due to the
imperfection of the fabrication and manually assembling, as
well as the limited test accuracy. Almost the same radiation
patterns under the excitation of port 2 are presented in Fig. 19,
which is no detailed for brevity.

B. Comparison

Recently published shared-aperture designs are summarized
and listed in Table IV for comparisons. In terms of the critical
performance of the isolation, it is found that the measured
isolation of the proposed antenna is higher than all the listed
designs. References [9] and [13] presented the designs with
BFN that can also achieve good isolation. The key to these
antennas is the practical performance of the BFN, particularly
when extending to the array for a high gain, a more complicated
BFN is inevitable. However, for mm-wave designs, the
excellent amplitude and phase balance might be a challenge. As
for the design in [19], the use of many matching resistors is
impractical for mm-wave antennas due to the high-loss and
parasitic effect. Moreover, the design in [9], [13], and [19] are
usually required an additional space for the feeding baluns or
BFNs, which would cause an incompact size or complicated
overall structure. The designs in [24] and [25] have a
comparatively simple structure without any additional devices,
whereas the isolation performances are insufficient. Although
measured isolation of up to 50 dB is presented in [26], the
employed feeding network with a multi-layered metal structure
is quite complicated, suffering decreased reliability, high cost,
and heavyweight. In contrast, the proposed design has a simpler
feeding structure than [26] and other designs. The proposed
antenna also exhibits a good co/cross-polarization isolation,
which is comparable to the other two mm-wave designs [25],
[26]. In a word, the proposed antenna features high gain, high
inter-port isolation, low cross-polarization level, and a simple
feeding structure.

V. CONCLUSION

This paper presents a dual-polarized LWA with a fixed beam.
The realized two orthogonal polarizations with high isolation
can be used for full-duplex applications. In this design, the
proposed symmetrical LWA unit cell is employed to develop
the dual-polarized planar LWA array. The integrated feeding
network provides an orthogonal differential quasi-TEM planar
wave feed for the LWA array. The proposed antenna was
fabricated and measured. The results show that the operating
bandwidth is from 27.6 GHz to 29.5 GHz, and the measured
maximum realized gain is up to 24 dBi. Moreover, symmetrical
and unidirectional broadside radiation patterns are observed. In
the operating band, the measured isolation of more than 51 dB
between the two input ports is realized, and the maximum
isolation is up to 60 dB. The elegant combination of LWA array
and dual differential feed achieves high gain and high isolation,
could be a valuable candidate for the mm-wave full-duplex
applications.
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TABLE IV
COMPARISON BETWEEN PROPOSED ANTENNA AND REPORTED HIGH-ISOLATED DESIGNS
. . Feeding Co/X-Pol.  Inter-port
Ref. (l:}r;:{c;.) Radi. Element ?,Zi(})ll;?l?f gg;{%g Antenna Size Polarizations Network Isolation.  Isolation.
q Implementation  Mea.(dB)  Mea.(dB)
. Diameter:1.3750 *
[9] 12525  Archimedean BEN 8.8 for Tx, @ 1.875 GHz, Co-CP Complicated 07 TX >38
spiral antenna 8.2 for Rx hei 10* for Rx
eight: 0.3444
Diameter:1.5740 *
[13] 0.6-1.75 Monocone BEN 3.5 for Tx, @ 1.175 GHz, Co-VP Complicated 10, for Tx >40
and bent loops 3.6 for Rx hei ) 0* for Rx
eight: 0.4940
Orthogonal )
e .520%6.540%0.02 .
[19] 13.6-16 Patch polarization + 224 6.540%6 155 OGI?I 02540 Dual-pol Complicated 40 >41*
Differential feed @ z
Orthogonal
[24] 11.98-15.42 Patch polarization + N.A. N.A. Dual-pol Simple 34 >32
Differential feed
Cavity-backed Orthogonal 10.440x10.420%0.540 .
- . . - >34.
[25] 55.7-66.1 alot polarization 223 @ 60 GHz Dual-pol Simple 19 34.7
Cross sharped Orthogonal 14.820%x14.820%1.50 Very %
- - >
(26] 60-64 slot polarization 32 @ 60 GHz Dual-pol complicated 26 30
. Orthogonal
Th;; 27.6-29.5 LWA slot polarization + 24 ! 1,7lo><;§13.gll-o[><0.3/10 Dual-pol Very simple 27 >51
wo Differential feed @ “
N.A.: Not available *: The values are obtained from the figures.
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